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(54) LSI FUNCTION DESIGN SUPPORT DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To generate hardware 
description data which corresponds to various targets 
and which can be logically synthesized with high quality 
from extension state transition drawing data. 

SOLUTION: Hardware description data by HDL(hardware 
description language) is generated from extension state 
transition drawing data by permitting CPU to execute 
following operation based on a program stored in a 
memory. Description data by HDL of a part operating as a 
finite state machine is generated (822) based on inputted 
extension state transition drawing data. Then, description 
data by HDL of a data path part is generated (324). Data 
are outputted as hardware description data in a reregister 
transfer level being a design object (S28). Thus, 
hardware description data of LSI, in which an FSM part 
and the data path part are constituted as different blocks, 
can be obtained. Consequently, the logic synthesis tool of 
a high compression rate can be used on the FSM (finite 
state machine block) part and debugging after logic 
synthesis becomes easy. 
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1^5*^31 2 ] isjttis 1 tciEScc^ L s I mnu^^wm 

L S I ^tg^ft-^g^So 
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^ tbT 1/ ^ 5 ^ -r :^ ^ y ^isisi- s isit^^ . 

iE:7^>/it^;5s rij (Dt^i-mm^-^. nuyy^^m 

^m.^MzLtm^f—^^my^^x. muyyifm^^\^^^ 
mwM^^^y^<D^nt^±'dm\m^^hwiw.i^s i 

mw.^m^mmi^mf'—^\^^oxmi^f\.^mui^s i 
y y ^m^<Dm^y'~ ^ *^fiSc-r 6 y ^ ^mm^^^^m 

50 -hm^^f^&^^t. 
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- ^rmj^y"—^ ^^^-r^y^- v^^rmi^^f^ 

^ ti^T V ^ s ^ ^ y ^ y ^leiti- ^ lait ^© . 

^^cC^?. w\U'^^^m^x\xfi:\i^b^\-:Lm.t- roj ^^^^ 
uyy^m^ii^ rij (7)^%t-^^^-tir. mmyyi^m 

x/y-h HE^&^^^^t^ <fc o -c ^fife ^ tifciaoiiiT^- ^ ^ 
mcxox^f^^titcm^v^-^:^^^. mim^m^^t 
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[000 1] 

[mm<Dmr^mm^m] :^^mn. lsi 
ji. Ls I ogi)|^^t^^]^siil?f^stT*iaiii!Lfc7^-^^^ 

[0 0 0 2] 

10 m^(Dt^m} L S I com^^;l*DV^T/^- Kr>^ 

TfBiZ&'S'^ (Hardware Description Language) i^f^ 
THDLJ ^fflv^/- h'>':7^^^^ViS:tf^^^5<t 

(D^^" K ^> :^ r iBidi-r - ^ ^S-g-fiElc ^> XoX 

[0 0 0 3] ^ic^J: ^^'cC b '^:/^l>>'^fi-^?it-*5V^ 
20 l/v^;^ 15511 U^/I-COH D Ltc J: 5/^— K^>3^T IS 

v-</i-co H D L J; S K ^ ^ TiailiT^— g 
W)^iZ.^f^^th^, it#^^3-4 1 5 6 7#<^ 

^t-Ji. 4^^3^^ia*5<fcO^^H^IgI<Jr CAD (Computer Ai 
ded Design)^^"^^ i.XMmif^^Xy'—i^^—P^^m 

[0 0 0 4] _h|a(7)LS Il^tg^ff^g^mt-cfcoT/^ 

40 [000 5] ^m^^m<Dm^m.m(om^Ht^ 

■r^m=^-h'^^i^'r^yvy:^y^:y:^\t. ^ 
50 :i^m=^-h'^^m-r^m^<oy])yyy^yy' 
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^) L s I <Drmmtf(Di&mmmi^^£->'r:^^ . m^m 

[0 0 0 6] 

(i^r TFSMj i:v^5') i:0f^4^^it;l:io^:}'6uv^;^^ 

[0 0 0 71 ^fc. s I mt^m$ixmmm^^ 
[0 0 0 8) ^rr':*:^p^T*tt. m^m.m {^^y-^m 

(0 0 0 9 J 

x\x. m'^m-^^xtim'^\^m-5^. ^m.^m\z.^n 

J; T^r^- ^ IBiig^^^^ir J: o T ^j^So 
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[0 0 10] ;^^?g{;i^S^2COLS 

10 s I (DmJie^^-- K:>inriBizli7^— ^^^^[St;i~6. 

[0 0 1 1 ] :^^p^tc^sm3<0Ls \mmu^%w^ 

f'^ ^ iJ: 5 ^ p :y ^ jI-^*5 J: t>-Hifi5-r - ^ ^Sr Wif^ 

[0 0 12] ::^^m\^m^m4(DLs I mmmm-^mm 

(Dmmmmi^Mft^'Th^mm'i^x^^mm^^y h6^(Dy 
^) y-^yviy'r(Dmm^^-rh'^^^fi^m:m^fhx\^^ 

mrr^tim^'Z^m^^\^ y Ym^<Dy ^) yyy^y:f<Dm 

m^^^t. -^^ xr^miR^m^X'oxmiR^titi'^^ ^ 
teiiii^-</uco/^- Y^ a:.Tmmwmxmi^i^fcy^~ Y^ 

$r{ix.Sr i:^if#mi: UTV^S, 
[0013] :^^m^z.^^^f^5 CO L S I tttB^ti-^^^ 

m^te.i^^'^'^mx^^^m^mm^mi^x ^ mmM^<D 

50 rij HfIie'^^n:t^niX*Ji/cev^i:^f::f(t;i5 
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roj t:^j:^y'7^m^(Dmi^r~^^±f&'r^y'7i/ 

milB^^^m-^;^^ roj <Dt^i^mmmii^^y^(D 

y y ^m^\^ V miCT^ ^^^^ <D^^ t ^ittmm 

[0 0 14] ;^^^ti^6^60LS iM^ff^SiS 

^^Hi)tBv'^>/jg^;55 rij (Dt^\z.m:^^^. muy 

y^rm^-f)^ roj co<t%(:i^^n:y>?^co^^^^^JLh^-^ 

[0 0 15] :*:^?g(-^^ig7(^Ls I mmnnxmm 

10 0 16] 

mmi^xti}^:. mm^m^^ {fsm<d^^) ty^-^ 

y<y^U0t:^*^^m^nr::m^<Dl.S I <D/N- K>^rcr IB 

So 

[0 0 17] :^^mim^m2(DLs immn^xmm 
i^y^^mi^^nxn^^itt-X'^. ^fc. ^m^f^m<D 

^yy.^m\^^\'^x%m-r^^k-h'^x^^. rtti^J:^), 

[0 0 18] :$:mm\m^m3(Di.s I mm^n\-xmm 
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^tcj:;h.(^, L S I ^^:d^hAt}^fh^y^y^ h^- K^t 

[0 0 19] ^^^{:i>^5|^4C0LS I^tg^tf^^^ 
10 ^t::J;tbfi. y V^<Dy ^) ^yy^y n ^y^(omm^ 

LS I (^^^t::ibi^f 6, 

[0 0 2 0] ;^^^t^^-5^5<^LS I^fg^ff^^^ 

20 TT^-ryy^mm^^ ^^(d-^^ r2i^m<DT{iL(ov^m<Dm 

[0 0 2 1] :¥-mm\^m^me,<D'LS I atg^tf^g^ 

<D-^{tL<Dii^m\m^i^\'ihfiti^^jy^^mmz.n\.x 

[0 0 2 2] :^^mi^m^m7 (DLs I mm^s\'^m'^ 
±mmi. ^4. ^xx)^m5<Dhs \mmm$Y^ 
mmm<D!^m^±xm^x\^^^. i.fz.^^<^x. ^7<dl 

<DiS:m^m^:i t:^^X^ 
[0 0 2 3] 

mtj^ii x:^hLs imm^f\-xmmmico\,^ 

50 ^'z^ — '^t^m^XoX^n^ti^^^'d'^ — ^'^^ 
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^ ^ A t cfc o T H ^ ^ i^ ^ o 

[0 0 2 4] :^mmmm(D l s i mmmm-%m 

V^:^Tit.^ CPU 1 6 t?^^V I 8fj:t'-^^hf^^^i^ 

lot. Wi^<oumm^m7'-^'^^^y'^vv'—^^j: 

V^T. -^Wl OCO^t^y 1 8 [;i0T^CO:/n^^A;i5^^ 
C PU 1 6;55;e(^:7"t3^^A^C^-dSV^Tt^)^1^t'S 
rid J: (9. LS I (Omt^^ti-^^S-rSfcJse)CO@^CD 

[0 0 2 5] ^ 2 (t. ±|BL S I ^^tg^tf^1g^^{C*5 
CtS^S^^-r^'n-^^— hT*3t>'5o -btaLS I 

Atiir^:itti^x*^. ^(Dt^. ^(D^mm^mx*^^ 
^[giT'ti. i^mmm'<r>mm^^^<Dmm-h]^-m^fhx^'^ 

^^tf)-X-^^ l^ll?^. r^^t^m 

p. 160-166 #RSJ o 

[0 0 2 6] lg|4fi, ^LS lat^iSitf^^^^t- J; 
4ia-x. ^ms i^7jk^\H(Dm^ rc = A+Bj tw.m 

^tix^^. :iti\^. iiz.:}s\^^xmn^th^mw 

ir/j:fz>-tbUi^:^i^m}i'f^^l^X\^^^^ riDfe^gt^^i^S 
mi:ii:^X7jk;^ti^nfYmm^mi¥^i^X^ Ati^t^^ 

[0 0 2 7] :z(D^b\^\^xmt^mmi>^y^f3-^f\^x^m 
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[0 0 2 8] ±m^m<D'^:^'yi^<Dm^. =^y-:^-^n. 
^ihmt:^'ryy^S 1 O^m^ C^T^y-^S 1 4) . ^ 
'7-:^^^^j:< fj:^^X:^y'yys 1 0-S 1 4:dm^Ml^ 
mn^iv^o tVX=^y—:^^^j:<^j:tHt:^y^y^S 1 6 

10 I^L-T. ^m^^<Dmm (LS icD^'^/rS^oo^/h 

[0 0 2 9] HDL^m.^^7bm^^n^t. :^T->y:f 

y ^ y (D ^ n $r ffl V ^ r a^siHisgT^- ^ fiJc ^ it s o 

[0 0 3 0] [g|3(*. [gl2(0;^X:y:/S 1 StC^ottSH 

^fife-r-So iy>T. r(Z)HDL^Jf^JcAiL3S^-OV^r|g3^# 

30 I2iil5mi& (HDL) i bTVerilog-HDL^<^ffli-S, 
[0 0 3 1 ] HD L^^^a-^fi, ^-r;?^-7^'y:7"S 2 O 

^BJ^*OT4(^7FUfc^5S:t^S5^SI§l7^-^'{c:^br 
L.xms\:i^'rx^fj:v'~-^^^^'t^o 't<D'ik. 
$tt-5f^-^'/>°;^IHi^ (Ig4{;i^U;t^JT'ft rc = A4- 
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t C^-r f"— ^^-^^'^u-/^ REGACTtDlE^T^" ^ ^ fife 
^1g^$^5ft_bfe(0|5&jf y n TO P(D/^- Kl>3^ 

[0 0 3 2] ^j.±.(D^o\^\^x^m:Wrm\^^\i^x±^ 

t (^^tf->t^^coL s I <D^^7f.--v(DK&itimm-^. m 
[0 0 3 3] y^m^'mm^^\^xmA\z.^\^tiw:miV^m 

s M tc r -6 1 -'-^ t-ti ^ -r S t 

[0 0 3 4] <mmmm2>±w.mMmmi^:3io\,^x±f^ 
s I itm^^t^muzf^ y^ tv'-^^<:^-y^ t 

[0 0 3 5] -r^J:t>ib. mil (D-y^—^f-^— 
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0 T'^^iA^^T.fc^3g^^^^Iil7^- ^ J; o ^ t^ 

xm\2\z.7r>.'t^bfSi'f'~-^^^im'h. mz-P^^y-^ 

J^I^4t-^L;^::t!£^)|^MSIll7^-^t->E>i-bT(i, Uv^ 
>;>5r.^a ,^^(;r,^^_ K T IHs&t'— ^ t Url^l 3 

fclgll 2<75;m'^-li:tH]SS:/u -/i^COMBt^lEitiT^— ^ 1 
SOUv?^^ - yet 5/^REGcO|Eiai7^^^^^bfi£6/^— K 

20 ^ z-^:^ ■ :^ a ^ REGACTtC^SV -^XU^-^^Bi^y COM 

[0 0 3 6] <mmmm3>m^. ry^h^Mit^m^ 

^-V-bf*. J;IE^SS?f^^l {:^*3ftStgl3<7):7a-^-y 

fct>(^T'feSo ^(?3fiii(D#ifiSti*. ±.m^mmmi tmm 

30 

[0 0 3 7] ^ii:^?j^^T*(i. um^iiKmrn^mv'-^:^^ 

2 O — S 2 4(;)^3ig^tf ofc^. ;:=':7^^/:7"S 2 etd^sv^ 

Km#;ei5 roj (^<t#t:iWPS:|^ffi<^*^:/n>>-^t7^-^ 
. :/ u <!r b/ciiii^(D ^ n >^ 

40 7=-:^ h^— Kil#-;i5 rij <Dt^^^7^:^h^ 

i^T^— ^^Sr^fiJt-r-So rtb[;ij:«9. [gli 6 d^-TfgfiScco 
iHlS&tcffi ^ -r S 1/ v'^ ^ ^ill ^--</^(D^^— K ^ r le^! 

OP<Dm^^7v^'tzfnyi7mX'h^X^ r(D^fiJct:iJ:tL 
fi, iM^cO®jf^B#{c:(^, 7^;^ h^— Km#TEST_M0DE;i5 
roj t^tLX^ mWLi^mmm-:friy^?sm^\-i.^^y 

50 ^m-^CK2;ei5^:h.^'HW^$iX'6;6^ 7^;=^ hB#l::»i, 
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■r^ K{g-^TEST_M0DE;^5 r i j t^tlX^ 

[0 0 3 8] ^Jicoi; 5t-^IIW^t-J;tvl^. l^v?^ 
-tb(c:j:v). LS l^|i-coj^||^«5f^Jb-rSo 

[0 0 3 9] <^»ig4>j^(;^, i^mm<DmA(D%m 
^=^rm}^^mL, mi mm) . ±$^mmmm i-st 

3l^|gI-7=^— ^ ^A;^"r6 C[gl2CC>^^:y:7°S 1 O — S 1 

iZi^. ^If^^CQL S I (Z)^it^^^t^>^JCc;;-rS7^^' / n 

[0 0 4 0J ^T. ;^^SS?^^<^HDL^^^3Stc:ol/^ 
xmi 7 t:i^i-:7a-^-^- h^#MLoo|J^^i-^, 
^-r^7^:>^:7"S 3 OtC*JV^T. ^*^?l^fti 1 3 t 

l8t^^oV^•r. 0iJx.J^4^^^ rsoj nso ty^M^ 

:^mm^tix\^^^<Di^^ ^mso(Dm^iKms i{z.m^ 

-r^^iir^.i^bTv^^o ^fc. m;^ibTco rzj ct^IB 
ic<^^te(j:^ rzj ^0|S^$^^fc^^^^t:l*5V^TjI-^^Z 

4^ffitc^oV^T^g-^i^Z(Dtfcl;tim-^/55 roj ti^cfr^ri^ 
^it. m'^<o:!^mmmmv'"^X'h^^ 

[0 0 4 1 ] i^o;^-r '^:7°s 3 2 Tft. fci^i^^ti.;^*^ 

^m^-v^m^m-f^ mm^-vm^^^m) . mi 
s{^7iki.fc^mM^m'f—^(om^ia'X^ so — ssco 

mt^j:^o mi9fx^ mi 8<7:>ikmm^mv'—^\'M-r 
flgs o^s 8 tc4 f h(D)t^fli=i— K rooooj 
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noooj t^^ti^'ivm^nnhnx]^^^, :i(o^o 

[0 0 4 2] ^m^'-Y^'tOWl^Hi^m-X. ^^^^:7'S3 

4^;l^oV^T. /^-Kx^;^^^®l 2 {dm^^tuyt-v^ 

V'v^;=^^co||^t^^>l??:(r:7y -y^^'n -/^^.-v-^^ a^jj?: 
Jb^o v^^. -.-^n.^^Tr/^y t;iji, |§|2 0fc^t-j: 
10 ^^z^ rR42j t^^o-^^ ^^<0 4\f)y h<Dy\} ^yy" 

■711 y-pf'-^^ u rR82j t^^''^'^^ ^^<OS if 

42^m^^tu^ :itiicnft^'r^m2 i\:z^-ry'"^^K 

[0 04 3] ^:7°S 3 6 t:iJoV^T, ;^7^iyy^ 

20 S 3 OT'lfc^iA^ixfct^^SSElT^— ^:i>^^. 

3 4X%^Mz.y^) y^yx2 yy^'v^—'^^^mL-X^ 

[0 0 4 4] ;^XJi(DJ:5t-br:$=:|IJS?^^t-*5i/^-t^j^fe 

(Oh SI mmmm-^mmm.iz ^vmi s <D:^mm^my' 

-<?:^^h^^^fvtz^^— h^'>:^TUmy'—^^m2 3t- 
Tj^-to 13 2 3{:l^i5V^T. HD L(DsBjzE2 0 1 f*4 h 
(0^m^"V(Dm^Hn=t. HDL(OlBi£g2 0 2Jtt^^ 

[0 0 4 5] rixt;:>^L.. :^mMmm\c:}3\,^xmi 8co 
iikmm^my'-^:!^^h^f3^^ix^^^- K^^TlEiST^" 
^(i, lgl2 4{^7i^-rJ: 5t:i?'^S, IKI2 4tC*51/^T. HD 
L<^|E^2 1 1 K£0#J9#(:t^. HDLtOlE 

Sti2 1 2 H D L COlBj^e 2 1 3 4 

h(7)^y 5/^:7n-/>^.-v'^nR42CO^^^^tl.^tt^ 
bTV^^„ Z<Dm2 4iZ^'t^-^—h''>^Ttd.v^7'—'$'^^ 
40 P>lfeS'^^:>-/l-t-.toT|^SlH]|fS^'^^i-et, 132 

^a^SCiJ: '9#?>i^;^:l[a2 5 (c^ Uf::|^a[e]|EST'f*. 
t^^n- K$r*&i^rt-rS U'v^^t^^'i: bT 1 If hcD^y :y 
■^yuy^BrFCO R:^^4m^^^tiX\^^^<Diz.1c\ 
b. I1I2 5(;i7]^-rf^S[H]S§r*(*. ^fig^^- K<£rfei^ft-rs 

t^im^f^^^x\^^h. 

[0 0 4 6] CK^J; 5t-^^W^i^J:tK^> ^m^- 
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[0 0 4 7] <mMwm5>mz.^ :^mM<Dm5<DmM 
mm\^ \^xmn\-n^<D l s i (omi'^^m^^^^^^m 

mm^mx^x^^^^ 

[0 0 4 81 ^%mMm<D¥ir> L^eSc^SJ^JblSH^ 
1 8t:iit^i^£fo 1^2 81*. >^:7°S 4 0 T*^ 

So :z.(D^^^mm^m'f-^\^x,oxm^rL^v^m<D 
b ^mn s 0 i^^<Drmm t i^x^m^mm^m 3 

[0 0 4 9] ±mp^y'y:^s4o\z^\^^xu^iikmm^ 

4 4-^xiA.T*^E^S<^4^flg^"O^J6^o rc^<b^. 
[0 0 5 0] :y:7'S 4 ;^ :7° 4 4 T* 
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l^^^Jis :^Ty-^S 4 S^m/xyX*. ^^^y^S 4 4X 

^i^hM:i^m^^hmx\^^<iikm^^^:^^m^^^m't 

So -?r<0^*. ^mm\^^m^i'Xy^'ry:fS4 2{cm 
[0 0 5 1 ] >^7^:y:7"S 5 0 T'ti^t^^co^^^^^jj?: 

10 ^rmi^y'-^^±^^^^ ^(D'ik. :^^y-:fSb 4\:l 
^\^^Xi^m<Dm^^^^^^. ^\^X^^y:fSb ^\z. 
*3^/^r. t.(D^o\^L-Xi^isbhMz.W^m^i5^Umm 

y':fs 4 4 x*^^hfh^^mt^yv^m<D'i^mm^^nfz. 

/cCV^KSt) {y^'ry^S 4 ^i^m) . :=^'r yzfs 4 
44->S4 6^S48-*S50^S52^S54-*S5 
6^S 4 2 m^n^<D^'^i)^ h 

20 mx\^^<^^i)^U\^''t^\-t:^'r y:fs 4 Sf)^h s 4 2-- 

[0 0 5 2] y-lfS 5 8 ^eii. ^^OTPg® T*C9^i*j 

30 rij t^J:^. ^t^^J.i^<Db^\^ roj <^/c£S<t p^'cf 

:L<r>y'y^m^^tymm<Di^mm^mhl.x^^^•r^^ 
^^m-r^^mi^i^:^^^^ ^y^ t lt^^-ts ^ t 

[0 0 5 3] _hl5^7^5':7"S 5 8 0|ltf^t*TIig^(^t^ 

mmmmni.. ^m^<r>'^mf)^^t£\^t^o:^^y':fs 

"9 (;=^-7^iy7"S 4 6#M) . S 4 2^S 4 4->S 4 6^ 
S4 8->S50-»S5 2^S54-^S56^S42V^9 

jv-zf ifcfc]^. mMn^(D^m^^ht^xv^<^mm 

mn-r^o ^t^^^^x^). -rmm<D^mm^mi^^^'^x± 
mtmm(D^mm7ioH^„ z.<Dmn'p\^^y^yy"s 4 
6 \::.:i^\^^x^izrmm<o^mm^^w-:>tn^^tih 

50 w.tmm(Di^i:m^^7t>ti^, :i<DXbfj:i^m:^mt)ntL 




17 

So 

[0 0 5 4] ^mMmm\^:tSi^?>HD L^jSJcM-ST*!^, 
-5 u v?;^ i^a^ u^/u<Dy^~- K >;> ^ r IfiiliT^— ^ ^5^^^ 

5HD LC0Ba£&4 0 2 fi. '^:?°S 5 8 T^^^t^S 

'r^yy's 5 sx^f^^th. rtLfiJhfB:7^^cLK3M 

jo J; C L K 3 MMcOf^^ ^7i^ ^ S , 

[0 0 5 5] ;^^|^^^?i^^t:iJ;ix^^. ::^y' yy'b si^^n 
-^(rS'^V^TS^it^^^■SbS lX*n^ ^-^^t^'t^i^tc 

[0 0 5 6] ±m^mmmxi^. rmm<DiKmm^(Oi^ 
doTv^^/j^ r^m(oui;^:^^Wim^M\^xm'i[^^iv 

-5 r ^ ^^-r''^- K ^ TlEidiT^- ^^^j5fe-r 6 J; 5 

i/^xs^it^tL^bs I T*f*. i-i^y^i?miiFmti^xm^ 



t 
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[0 0 5 7] <^mm>^:k±{-:^\^^xmmi.tz^mmm 

mm:^y h^(Dy'V ^ylfyny^t^h^:h—^<D^^-f 

t^^owms:>i^^\^x\^^^m. rtb^c7>if#m^^ 
[iiiffi©flam=^cC^p^] 

[i§i 1 ] i^w^m'mmmx^^ l s i m^m^v^^m. 
[igi2] _hiEbs \mmnv^%m:^mz.^\i^^miM^ 
[HIS] ■mmm\<D\.^ mtg^m-^s^st-^s 

20 HDb^j5Jt$fi;3®^^r^-r::7a— 

im 4 ] mmmm i l s i ^tg^tf^g^^^tcA;^ 

nMm<^ L s I <D^^:^- h (DAm^mm^^-rmo 
m 9 ] -mmm i f^ioi^T_biBfe?g:t^^^^[g7^- 

[1^1 1] mmmm2(DLs imm^f\-xmmmi^x 

40 ^HDL^^mm\^:iSi'f^7^—^-^^^'y^yi^<D^^— 

[ig 1 2 ] mmmm 2 {;i*5v^r_hi2^3g4^^5^#i^7^ 
[m 1 3 1 2 i^i^y^^x^m^^SL^mm^mr 

y^<D^^^7j^'rm<, 

mi 4} mmmm2 ic^\^^x^f^^fh^y^- ^ 

50 y^<D^ji^^7jpiry\:i ^y^m^ 




19 

mo 

mi 7] mmmm 4 oo l s i mmnm-^mmmi^ x 
[^18] mmmm 4(dls i m^^t\-^mmm\^A 
mi 9) mMmm4.Km-f^±m^mm^mv'-i^ 

m2 2] mmmm 4 l s i mm^sYxmmm\^A 
m2 3] mM<oLs imm^fYxmmmi^x^Jim 

m2 5] ^ij^^(DLs immm$Yxmmm\^x.r)^f^ 
m2 6] mMmm4iz^\^^x±^^ti^m2 4<7)/^ 
mi] 



t 

(11) !l#||g^9 - 2 3 7 2 8 3 

20 

m2 7} mmmm 5 o l s i mm^m^^mmmi^ ^ 
6HD h^^mm^Tjk-ry^—^-Y—h. 

2 8 1 mmmm 5 (7> l s i mm^f^xmrnmi^A 

10 10 -"LSI mm^n^mmm.<Dy^- Kr^^r;^^ 
1 2 K-T^^-^^^e 

1 6 '-CPU 

1 8 "-^^y 

2 1 1 "-^t^S^^" KcOfiJf^-^T^i-y^- Kf^^TlEozE (II 

2 1 2 •4^ffiU'i^;^^^<£r^-r^>- Kf^^Tie^l! (Ilit^?{$ 
^4) 

2 1 3---4 :y hCi:7y '>>^:7n :yy"^^x=i(D^m^ 
20 4 0 2'--Vimm^m^ ^ y^<0^—^^ Zy^^7r<^y^— 

FSM • ■ -mmmmwcf n ^ 

REGACT- ■ ■ 7= — y-?;^ . n 5/ ^ 
COMB ■■■m'^-lirlelSgyo 

REG ••■ -T/Pt 

R42 ••• 4 tf h ■ ^7 y 5,:7=^ci -;/:7°'-7^^ C3 
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12 /\— Kt-t X^rKB 



10 M 




S 10 



2D a^isc S12 



14 Kiim 



17] 



[102 0] 



cue - 

CLK2- 
RB - 
X - 



TOP 



• z 







R42 


4 


Ht82 


8 



I 



H D LXa^^x -y^^ 

fi^iffi^ I 0/ 



514 



S16 



sie 



HDL 4filA^a»jE 
1 



H D L^BtaS 




(hp L^aaia^ 

S22 



S24 

S2S 



T 



H D L dl 



I 



( ta w ) 



(12) 



4^^^9- 2 3 7 2 8 3 



m4} 



[m5] 



mil] 




I Itipot X; r FSM OAAfSJJ V 

I Input px» A. B; /• #-'5;^SB»(OX?7''<Ji */ 

I output pig c; r y-^^-^-^^Bii o aiA't;^ V 

\\nput CK; rimiCi'B jr^^v 

I tiyut KB; r FSM O SI ■& y hW* 7 

I rnput CK2:r ^-^-^^iflBJiOi^ » y ^ 7 

! rtMVtntt, so 7 




[me] 



modUlB TOP ( CLK. RH, CK^ KA,B.CsZy. 


InpJl CIX.R8; 




Input Gt<2i 




input X; 


alw^ @ ( posedlgs CLK or negsdoe R8) begh 


Input I3«] A. B: 


tf(lRB)t)esln 


ootpiit . [Sxq C: . 


corrjrOP <B #1 SOjrOP; 


rao (330] . C; 


and else begin . . 


output Z; 


cunrjrOP«.#l naxUTTDP; 


mg Z; 


end 




end 


pofametar (1 :0) 




sqjrop - 2*00. 


Qlw^ @( Z or CK2 or X «r A or B 


3l_TOP-2W)1. 


or C or corrJTDP} begin 


S^TOP- 21)10; 


ca»e{curr_'IOP) 




SO T<X>:btisin 


ran 11^ oinrTOP. naxtJPOP; 


tf(}Q begin 
z-i; 


Ahrays e[ posecUgs CtCQ begtn 


nexUOP-SljrOPj 


Qoa9(ourr TOP) 


end 


80LTOP:b(^ 


elsobegTn 


nop: 


- Z.O; 


end 


IWXlTOP » SOJTOP; 


St_TOP:bBoln 


end 


C-A-f B; 


end 


end 


81 TQP: begin 


e^jrOP:betfn 


Z.l; 


nope 


nexUTOP - S?_TOP: 


wd 


and 


Qfxfcass 




md 


Z-0; 




n8XL"raP-S0_TOPi 


tasknoK 


end 


bogb 


endcaae • 


«nd 


end 


ondtask /* nop v 


endmodule 



modula FSM { CLK, RB, X. Z, omrTOT); 

Input CLK, RB;; 

input X; 

output Z; 

180 Z; 

output Jia^ ' curr_TOP; 

res curr^TOP. nextLTOP; 

parameter [1 SOJTOP - 2t00. S1_T0P - 2*01 . 8JLTOP = Z-fai 0; 

always @ ( posedge CLK ornededge RB) begin 
if (IRB) begin 

oun-_TOP*-itl SOJOP: 
end Biaa begin 

oun-_TOP <m m nexLTOP; 
end 
end 

afvmy&@(2 orX or cufT_TOP) bogh 
case ( cuTfJTOP) 
SOJTOP : begin 
If (}Q begin 

z=i: 

noxt^TOP-SljrOP; 
9nd 

olsebef^ 
Z-0: 

next_TOP-.60_T0P; 
end 
end 

SlJTOP: begin 

z-1; 

ne)itjrOP=:B?_TOP; 
end 

S2_TOP:befltn 
Z.O; 

neaetJ-OP-SOJIOP; 
end 
endcasB 
end 

endmodule 



[la 1 0] 




[Igll 3J 



[1^1 8] 



cm] 



modde REG < CK2, naxLC, C); 


Input 


CK2; 


injaut [3:0] 


nextjC; 


output [3:0] 


C; 


r»Q [310] 


C; 


ahways @( posa^ 


9CK2)bogrn 


C - nexLC; 




ond 




OtnlllKxfallB 











so 


SI 




SI 


S2 


2 


S2 


S3 


2 


S3 


S4 




S4 


S5 




S5 


S6 




S6 


67 


z . 


S7 


S6 


z 


S8 


SO 





(13) 



^m^9~2 3 7 2 8 3 



[I2I9] 



mi 2] 



[I^ 1 7 ] 



moAjte REOACT ( CK2. CurrJTOP, A. B, C); 



input 


11:0] 


Dunr_JOP; 


input 


13:0] 




output 


13^1] 


C; 


r«g 


I3fl] 


C; 



parBmetw (1 fi] aiJTOP = 2t>00, S1_TOP - ytrOI , S2_T0P - TtitO; 

alw^ @( posedge CK2) begin 
case ( ounrjrOP) 
St>_TOP : bej^ 

nop; 
end 

31_T0P:berfn 

C-A+B; 
end 

nop; 
end 
endcase 
end 

task nop; 

begin end 
endtasX T nop */ 

endmotfolQ 



module COMB (currJPOP. A. 8, C); 
input oufOrOP; 
lopul [3*1 A. B: 

output (aOJ C; 
teg {3:0] C; 

parmneter [1 «] SOJTOP - 2*b00, S l_TOP - ZbOl , S3_TOP - 2t>l0; 

always @( A or B) betpn 
case ( cuhlTOP) 
SOJTOP : hBf^n 

nap: 
end 

S1_TOP : begtn 

C»A + B: 
end 

S?_TOP : begin 

nop; 
end 
endcase 
end 

tdsk nop; 

Lw^lii end 
endtask TnopV 

sndmodule 



S30 



S32 



834 



S3€ 



1 



1 



HDL ^m«a^ 



[Ell 4] 



[[ill 5] 



CKZ 



ourr_TOPI1Sll 



A|3:0i Y**(ttt 



currjrop q3: 

AtfcOJ 



CK2 



[l§Il 6] 



Aias] 

Bt3=0J 



CLK 

RB 
X 

TEST_CLOCK 
TEST_MO0E 



• 8(MJ 



a»r_TOP(ijO]- 
z- 



[Ig!2 1 ] 



(hp L^^gim ^ 

0|3fl] ' . 

S22 



I 



X 



Ct3:0] 



T 



S26|~ 
S28r 



H D L M Jj 



[[§119] 



(a) 







SO 


0000 


S1 


0001 


sa 


0010 


S3 


0011 


S4 


otoo 


55 


Old 


56 


ono 


S7 


0111 


S8 


1000 







. R4Z 


4 



(14) ^m^9-2 3 7 2 8 3 



m2 21 



[IEI2 3) 




-otole SAMPLE C CLK. RS. Z>i 






Inpot ClIC, KB; 






outptit Zi 






rej 1; 






P«r4wter (3iO] // tynepuis etim jta^tate 






»_St«i -. 4'MCOO. 


-^201 




Sl^Stita - 4'feOOOl, 












S4_Stit« • 4-MIOIl, 






M^titt - 4>H110. 






S7_StitB - 4'bOlll. 






S8^t«te • 4'blOOCt, 






S4^t«t* • 4'»0J00. 






IS_Sttti • 4 'tola I: 








— 202 


// %yr\av3jfi st*t«_VECtor Stite 




aWiys • < pai*d9« CLK er n«ga4g* PK) b«}lp 






<r < IRQ) ttgtn 






suu <•> n so_$t«tc: 






tiwt.aU* btgiB 






Stau <- Jl reitk^tatt; 






•(Id 






«nd 






«1wayi .0t 2 er St«tal begin 






eiM ( StBt*> //lynapijrs piri)l«1_jCMt full^tM 




SOJState : b^tit 






i - Oi 






(>e«tjt»u - SOt*t«; 






end 






SU(t«TB : begin 






I • ii 












■nd 













I - Oi' 

cad 
*t)dc«ie 



(|gI2 5] 



cuO- 











— [> — 


1 


1 — > >• 


1 — > >• 



pCMr|>— c>. 



(15) 
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tlgl2 4] 



[m2 8] 



Mdtili SMtPLE^UUt t CIK. M, I); 
Input cu, ro: 
DBtput 1 1 
r*9 ti 



parwetir [3:0] y/'tynepijri ctate_!t4t* 

5Q_Sttt« • 4*bODOa. 

SOtlt* • «'M001. 

SUtite • 4'bOOlO,' 

3i_stit* •■ 4 'boon, 

$s_sttte " 4 ■bono, 

5T_5tit» - 4 'Mill, 

MJittte - 4>bL0a0, 

S^ttte - 4'M1(K}. 

SSUStit* - 4'bOlOls 



-211 



rag CJ:0] nciit_$tatet 

-lr» [}:03 Scttfli ^ 212 



J- 



213 



/* Ij^MpijFi dcjicrtpUiegln 

Jct_rionU,toiich find ( reference. { fUt } ) 

</ 

RIZ r4? (.Qfc<5taU[3]>..<lMSt*t«[31),.0C(StAt*Cl]),.l)O[StatttCll)..CKCLK)..llBCRB). 

.A(n»xtJStat«C3}),,l<nMt_StitcCl]r,.CCnaxt^tatatl]>..Dtnftxt^tatcU])]t 



ilwiyt 91 Z or St*t() Jbtgln 

C«(t ( State) //tynopiyi paral lil_etifl fall^^ase 
SOJitate t besin 

z ■ 

f<exl^Eit« - Sijtate; 

ead 

Sl_State : kefln 
Z • 1; 

neit_3tit« - S^_;tat«i 

end 



SS^tate I beg la 
Z - 0| 

nextJtatB - SSJStltt} 

end 
•ndcaic 
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/LouxaJ 



304 



302 




CouizJ 



303 



61 



5>n 



-OH 
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m2 7} 



S40 




S58 




^» P V * H D L ftiS 



YES 



S5Q 



S52 



S&4 



S56 



T 



H D L±m 



i 



[m2 9] 



«d«le T£$TLP ( ra. FIfllSH. CLK. ARK. BRE6. OOTRE«. OUTl. (WR. 0UT3); 
Input RB; 
Inptit riHISH, CU ; 
inpvt C7:0] ARE8,eSE6; 
output [1:0] OUTRESi 
rcg C7:0] OUTREG; 

output GVTl. 0UT2, 0UT3; 

r«s wrutso. ouTijfiz, ooTzjiso. QUTZjisi, omj^u 

r«g lnj_HSO_t«tt, 1osjJS?_te«t, InOtSLteit. enJM, Mt_HSZ; exJSl; 



wire CUC3 ; ~L j,„_ 

«»1fln CUC3 • CU I. ta.lC3H|CU3MH) t f ^^"Z 



Mire CLK4 ; 

assign CLIC4 > CLK t, (CLK4H|CLE4»W) ; 



wire cues ;. 

atsfgn CLIC5 > CU t <CLt:SM]CLlCSHHj ; 



alwan 4 ( negedae CLK or negedge RB ) btfitn 
tf( ltd ) begin 
CLUM <> 0 ; 
end else beflln 

CUtSft <- lexjeo I 1flOlS0_iest t 

end 

end 

•1w&ys.fl ( nefedse CLK or itegedge M } begin 
1f< IRB > begin 

CUWM <= O ; 
end fliH begin 

CLUm <- CU3N t ■ 
end' 

end . - 



alMftys g ( paiedae CLK3 «r nege.dge RB) begtn 
ir ( IRB) begin 

currJfiQ <- fl fdlO^; 
end etSB begin 

eurrJBO <- II nextJlSO;. 

end 

end 
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